Post-combustion capture with chemical absorption shows higher potential for commercial scale application compared with other technologies. To capture CO2 from the industrial and power plant's flue gases, aqueous alkanolamine solutions are widely used. However, several drawbacks from utilizing the aqueous alkanolamines such as MEA still need to be solved. For example, alkanolamine solutions require intensive energy for regeneration and cause severe corrosion to the equipment though they have high reactivity in capturing CO2. Ionic liquids have been of interest in the recent development of chemical absorption according to their unique characteristics including wide liquid range, negligible volatility and thermal stability. However, due to their high price, high viscosity and low absorption capacity compared to alkanolamines, ionic liquids are still non-desirable for industrial applications. One possible solution to improve the performance of ionic liquids is to use mixtures of ionic liquids and alkanolamines. For a better understanding of the absorption using the mixture of aqueous alkanolamines and ionic liquids, the knowledge of thermo-physical properties of the solutions, especially the viscosity and density are of importance. This paper reports the measured viscosity of MDEA- [Bmim][BF4] aqueous mixtures at various temperatures and concentrations. It was found that the viscosity increase with an increase in [Bmim][BF4] concentration, but decrease with an increase in temperature. Moreover, the impact of temperature on the viscosity is more significant at low temperature range.
Introduction
As reported by the IEA Energy Technology Perspectives 2015, in order to achieve the 2 degree target by 2050, Carbon Capture and Storage (CCS) accounts for 13% of the total GHG mitigation potential. Postcombustion capture, pre-combustion capture and oxy-fuel combustion are the main available capture technologies. In comparison with other technologies, post-combustion capture with chemical absorption shows higher potential for commercial scale application, since it does not require a radical changes in the plant structure [1] [2] . To remove the acid gases such as CO2 and H2S from the industrial and flue gases, aqueous alkanolamine solutions are widely used. Several studies have investigated the absorption performances of different alkanolamine solutions including primary, secondary, tertiary and sterically hindered amines [3] [4] [5] . Even though they have high reactivity in capturing CO2, alkanolamine solutions require intensive energy for regeneration and cause severe corrosion to the equipments, especially for monoethanolamine (MEA) and diglycolamine (DGA). Among the alkanolamine solutions, tertiary amine, such as N-methyldiethanolamines (MDEA) has several advantages over the primary and secondary amines which are higher equilibrium loading capacity, higher thermal stability and lower regeneration energy requirement. However, due to its slow absorption rate, MDEA is usually mixed with an activator to increase the absorption rate in the industrial application [6] .
In the recent development of chemical absorption, ionic liquids (ILs) have been of interest according to their unique characteristics. Wide liquid range, negligible volatility, thermal stability, good CO2 solubility, tunable physicochemical characteristics and nonflammability make ILs to potential solvents for energy efficient CO2 capture [7] [8] . Several ILs are designed and synthesized as absorbent for CO2 absorption, such
, and hydroxyl ammonium ILs. However, for industry, amine solutions are still preferable due to their higher absorption capacity, lower price and lower solution viscosity [9] .
One solution to combine the advantages of both amines and ILs is to incorporating an amine function in the structure of the ionic liquid to produce a task specific ionic liquid (TSIL) for CO2 capture. However, this solution requires several synthesis and purification steps which make it difficult to get it cost competitive. Another simpler solution is to use the mixture of ionic liquids with alkanolamines to improve the performance of ionic liquids. Yang et al. [10] [BF4], the energy demand of the system was reduced by 37.2%, the loss of MEA per ton of captured CO2 decreased with 2.39 kg and no [Bmim] [BF4] loss was detected. Moreover, the mixed ionic solution also has low viscosity which benefits in reduction of the mechanical energy requirement for solvent pumping.
Among the thermo-physical properties of the fluids in chemical absorption, the liquid phase viscosity is one of the key properties which has significant impacts on the design of absorber and also on the energy demand of the system [2, [11] [12] 
Experiments

Materials
Apparatus
The viscosities of MDEA- [Bmim] [BF4] aqueous mixtures were measured using a NDJ-5S digital rotary viscometer produced by Shanghai Hengping instrument factory. The measurement ranges for temperature and viscosity are 0 -110°C and 0.1-100,000 mPa·s, respectively. Around 25 ml of the prepared solutions were poured into a steel cylinder before immersing a stainless steel rod which is connected with the rotator. During the experiment, the rotation speed was kept constant. The experimental temperature was controlled by a circulated water bath with a temperature range of 20°C to 80°C at atmospheric pressure.
Results and Discussion
The viscosity of aqueous mixtures at 46.5 wt% of MDEA and 4.4 wt% of [Bmim] [BF4] at 30°C, 40°C, 50°C and 60°C were measured and compared to the data reported by Ahmady et al. [8] to confirm the procedure of the obtained viscosity data. As reported in Table 2 , the average absolute deviation (AAD) calculated by Eq. (1) of the two data sets is 4.9% which represent good consistency between the generated data and the data from [8] .
(%) = ∑ (|1− / * |×100) (1) where is the number of data, and * are the measured viscosity and the viscosity from the literature, respectively. Table 3 and plotted in Fig. 1 (a) -1(c) . The viscosity increases significantly by increasing [Bmim] [BF4] concentration, especially at low temperatures. The viscosity decreases with an increase of temperature. The decrease of viscosity is more significant at lower temperature and becomes less affected by the temperature at high temperature range (60°C -80°C). [13] which is almost six times higher than the viscosity of the mixture at 40 wt% of MDEA and [Bmim] [BF4] at the same temperature. The difference in viscosity value causes remarkable difference in the mechanical energy requirement to deliver the solvent. Thus, by using the mixed solvent of alkanolamines and ILs, one of the most important drawback of using the ILs in industrial purposes due to their high viscosity can be solved.
The reported viscosity data are useful for the design of the chemical absorption process such as the diameter and required packing height of the absorber/desorber, the required power of the solvent pump, and also the required heat transfer area of the heat exchanger [2] . Moreover, they will be further used to generate a correlation to predict the viscosity of the MDEA- [Bmim] [BF4] aqueous mixtures as a function of mixture's temperature and each specie's concentration.
Conclusions
The viscosities for the tertiary mixtures of MDEA, [Bmim] [BF4] and H2O over the composition ranges of 20, 30, and 40 wt% of MDEA and 10, 20, and 40 wt% of [Bmim] [BF4] have been investigated at atmospheric pressure and temperatures ranging from 20 -80°C. The viscosity was found to increase with the increase in [Bmim] [BF4] concentration, but decrease with an increase in temperature. Moreover, the impact of temperature on the viscosity is more significant at lower temperature range. Such results will be used for design of CCS while using the mixtures of aqueous alkanolamines and ILs as capture solvents.
Moreover, they will be used to generate the correlation for predicting the viscosity of the mixtures at different temperatures and mass fraction of each specie.
